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Exogenous growth theory
Consider a constant-elasticity-of-substitution (CES) production function [1] :
where Y is total output (or income), t is time, H is the stock of capital, and L is the labor supply. The parameter α ∈ (0, 1) is a distribution parameter, and σ = 1/(1 − ρ) is the elasticity of substitution between capital and technology-augmented labor. The CES function is among the most commonly employed production functions, and was among the original models presented by [2] . The CES is a generalized production function, which collapses to: 1) the Cobb-Douglas production function [3] as ρ → 0 or as σ → 1; 2) the linear production function as ρ → 1 or as σ → ∞; and 3) the Leontief production function [4] as ρ → ∞ or as σ → 0.
The standard neoclassical growth model [2] describes the rate of change of capital over time in accordance with the following equation:Ḣ
where r and δ h are the respective rates of capital accumulation and depreciation. For notational convenience, we scale equations (1)- (2) by setting y = Y /AL and h = H/AL, where y is defined as the effective output per unit of labor (or per capita income), such that:
The intensive form of the economic growth model is:
The population and technological growth rates are denoted by m and g respectively, so that δ = δ h + m + g.
Equation (4) is characterized by one globally stable equilibrium at h * :
The corresponding equilibrium value of y is
Infectious disease models
Equations (7) and (8) represent the most basic epidemic model:
where j refers to a specific pathogen (we incorporate multiple pathogens in the next section), and β and γ are the respective transmission and recovery rates. We assume a constant population; i.e., birth and death rates are equal and the infection is non-fatal. Dividing the susceptible and infectious populations by the total population yields proportions of susceptible and infectious individuals. For notational convenience, we preserve the same notation for proportions as for numbers (so that S j + I j = 1), where the system can be reduced to a single equation:
The disease model given by Equation (9) admits two equilibrium solutions: a disease-free equilibrium solution I * j = 0, which exists and is globally and asymptotically stable when R 0j = βj γj ≤ 1 and an endemic equilibrium solution I * j = 1 − 1 R0j , which exists and is globally and asymptotically stable when R 0j > 1. Stability of the disease-free equilibrium indicates that there is no disease the community, while stability of the endemic equilibrium indicates that the disease persists endemically in the community. The threshold quantity R 0j is the basic reproduction number of the j th disease. It represents the number of new infections introduced in a totally susceptible population by one infectious case during his/her infectious period. 
Coupled disease-economic growth model
We couple the above system through two simple empirically-based mechanisms that form the basis for feedback between health and economic growth: 1) disease transmission and recovery are functions of income; and 2) human capital accumulation is a function of disease:
whereβ > 0,β > 0,γ > 0, andγ > 0 are exogenous parameters for the j th pathogen, withβ andγ representing maximum transmission and minimum recovery rates. Equations (10) and (11) are based on previous analyses [5, 6] .
They assume that as income rises, the transmission rate falls and recovery rates rise. This corresponds to the fact that prevention and treatment of infectious diseases require economic resources, which is why poverty is a social determinant of disease [7, 8] . See Figure S1 for graphical illustrations.
Because human capital is one of the primary mechanisms through which the disease burden influences economic growth, our remaining model development focuses on this particular form of capital, which we still denote h. The parameter, r c , can be regarded as per capita spending on education or training, which converts to human capital at a rate that depends on the health of the person. For example, there is substantial evidence that disease can cause significant decreases in school performance and attendance even for infections, such as hookworm, that have no outward signs of morbidity [9] . Because the most important effects of health on economic growth occur through the cumulative effects of all infections, we generalize equation (9) to represent n infectious diseases, which we assume do not directly impact each other through epidemiological mechanisms (i.e., the transmission and recovery parameters for each pathogen are independent of each other). We define i as the probability that an individual has any infection:
The corresponding endemic equilibrium is,
which is the equilibrium proportion of the population that is infected by some pathogen. For simplicity, we assume that each of these diseases has the same transmission and recovery parameters; i.e., β j = β, and γ j = γ, ∀ j and therefore I * j = I * . The equilibrium probability of being free of disease is then:
The rate of investment in human capital is r = r c (1 − I) n .
The dynamics of most infectious diseases occur on much shorter time scales than economic dynamics, which can occur over the course of generations. For the purposes of exploring the basic structure of this system, we assume the infectious disease dynamics quickly reach a quasi steady state. Combining equations (3), (4), (10), (11) , (12) , (13) , and (14) yields a single equation for the dynamics of human capital in the presence of disease:
Model calibration
We use MATLAB and maximum likelihood estimation to calibrate the parameters, β 0 , β 1 , γ 0 , γ 1 , r c , δ, and n by fitting the model to health and income statistics. We treat n as a free parameter to represent the "effective" number of diseases, given that many different kinds of infections are aggregated in the data (such as diarrheal diseases and respiratory infections). Where possible, we rely on existing parameter estimates found in the literature; the economic parameters, α = 0.5 and σ = 1.4, are drawn from [10, 11] .
In the tradition of [5] we focus on the 83 countries that are either considered "advanced" (DC) or "least developed" (LDC) by the International Monetary Fund, and so do not include countries that are identified as being in transition. These data are presented in Figure S2 . We approximate the steady-state infectious disease burden with ) is r c = 0.37, which can drop to half of that if a child is often sick. The rate of capital depreciation, δ = 0.1276, falls well within the range of prevailing estimates for research and development capital [13] [14] [15] . The estimated number of pathogens is about n = 6, which could broadly capture the most essential infections in a system.
Models for Box 2 Agriculture model
The simple agriculture model is based off the plant growth framework of [16, 17] . The plant growth model follows the traditional logistic growth-type pattern with adjustments for harvesting and/or other processes that reduce plant density such as grazing by herbivores. Suppose p denotes plant density and h denotes human capital, then the coupled model system is given byṗ
where r p is the intrinsic growth rate of plants, K is the environmental carrying capacity, yield or harvesting rate, p 0 is a scaling or half saturation constant, and the other parameters are as described in Equations (3) and (4) 
Nutrition model
Nutrition uptake can be modeled as a classic ecological consumer-resource system, such as has been used to represent rates of feeding and energy transfer [18] [19] [20] [21] [22] [23] . We use standard saturation functional forms and the neoclassical growth model formulation (4) with the CES production function (3) to build a coupled system of nutrition and human capital. Accumulation of nutrition occurs through a ratio-dependent functional response [21, 24, 25] term with maximum accumulation constant λ, and nutrition uptake or consumption is through a linear term . The nutrition model is coupled to the human capital model through a Holling Type III functional response [18] [19] [20] with half-saturation constant N 0 in the investment rate in human capital, while human capital is coupled to the nutrition model through an income ratio-dependent term in the nutrition-accumulation rate. A Holling Type III functional response is a sigmoidal-shaped function used in studying a range of biological processes, including consumerresource systems in ecology. Such functional responses exhibit downward concavity at low resource density. The coupled model is described by the following system of equations:
where h, y, r c and δ are as in Equations (3)- (4) 
